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The  principal  chemical  compounds  which  compose  living  matter 
(aside  from water)  presumably consist largely of protein  substances 
and  lipoids  and  are  very  unstable.  As  explosive  substances  they 
can  be  destroyed  not  only  by  chemical  and  physical  but  even  by 
purely mechanical agents.  A  complete decomposition of these com- 
pounds brings about death?  As the decomposition of very unstable 
chemical  compounds  is  usually  accompanied  by  the  production  of 
heat,  we may expect the decomposition of the principal  compounds 
of living matter and  death  to  be accompanied by the production of 
heat. 
In this paper I  intend to describe the results of my experiments on 
the thermic effect of death. 
Material  and Method. 
In my experiments  I  used yeast which was mixed with distilled  water.  As it 
had only little oxygen and no sugar  at its disposal its respiratory processes were 
inhibited and no production of heat could be observed if the mixture of yeast 
and  water was  placed in  the  calorimeter.  The yeast used was  Fleischmann's 
compressed  yeast  washed  with  distilled  water.  The  calorimeter used  was  a 
Dewar flask closed by a rubber stopper through one of two openings of which a 
Beckmann  thermometer  was  inserted.  The  second  opening  was  made  for 
the introduction of poisons into the flask.  The flask was placed into a wooden 
box filled with shavings. 
The Dewar flask was first used as a  calorimeter by Rubner ~ who determined 
the heat produced by alcoholic fermentation and by the inversion of sugar.  The 
volume of the flask was  somewhat  greater than that used by Rubner but  the 
1Lepeschkin,  W. W.,  Biol.  Zentr.,  1926, xlvi, 487;  KoUoidchemle des  Proto- 
plasmas,  Berlin,  1924, 155; Arch.  exp.  Zellforsch.,  1927, iv, 212;  Protoplasma, 
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walls were the same (the volume was 450 cc.).  In the experiments described by 
Rubner, heat was produced very slowly, and the loss of heat by the flask, during 
the experiment, had to be taken into account.  In my experiments the production 
of heat by death continued, however, for a very short time, not more than a few 
minutes.  The loss of heat from the flask during the period of the experiment 
was therefore so inconsiderable that it could be disregarded. 
I  should like to cite here the results of my experiments concerning the con- 
stancy of temperature in the Dewar flask filled with water. 
The  position of mercury in  the  Beckmann  thermometer  was  such  that  the 
temperature 2.300 ° corresponded to 20.9°C.  The changes of temperature in the 
flask are given in  the following table. 
Temperature in the flask  Temperature in the room 
Date  Time  (Beckmann)  (Centigrade) 
October 13 
October 14 
12:30 p.m. 
3:00 p.m. 
4:00 p.m. 
7:15 a.ra. 
8:45 a.rn. 
11:15 a.m. 
12:45 p.m. 
2.300 
2.302 
2.310 
2.290 
2.293 
2.303 
2.321 
20.9 
22.2 
21.1 
20.3 
22.8 
22.6 
22.8 
From the cited results we may conclude that the change of temperature in the 
room produces no  considerable effect upon  the  temperature in  the flask.  The 
greatest change was 0.031°C.  and it occurred only after an interval of 5½ hours 
with the room temperature increased from 20.3 ° to 22.8°C.  Since the tempera- 
ture in the flask, during the experiment, did not exceed the room temperature 
more than 0.5°C. we may assume that it remained constant during the experiment 
which lasted only 5 or 10 minutes. 
On the other hand in order to kill yeast cells I  had to mix the poison with the 
yeast suspension, by stirring the liquid in the flask.  It was therefore necessary to 
know whether the stirring changes the temperature of water in the  flask.  This 
stirring was produced, in my experiments, by an energic  shaking of the flask. 
Temperature  in the flask  Temperature after the  Temperature after the  Temperature after the 
(Beckmsnn)  first  stirring  second stirring  third  stirring 
2. 362  2. 372  2. 377  2. 378 
1. 992  2. 015  2. 022  2. 022 
1. 723  1. 755  1. 762  1. 763 
2.015  2.011  2.010  2.010 
From  the  above  experiment  it  is  apparent  that  before  the  introducing  of 
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change.  Then we can be certain that the temperature will not be altered by 
mixing poisons with the liquid in the flask. 
The death of  yeast was  produced,  in my experiments, by adding either, cor- 
rosive  subl/mate  or  chloroform.  In  order  to  make  the  temperature  of the 
poisons exactly equal to the temperature of the liquid in the flask the poisons 
were introduced into the flask in a  special glass tube which remained  there for 
about 1 hour before mixing the poisons with the liquid.  This time is sufficient 
for an equalization of temperature of the poison and the liquid in the flask.  The 
tube used (about 1½ can. in diameter, 7 cm. long, volume 6½ cc.) was drawn out 
at the lower end to the diameter of 2 rum. and bent upwards (Fig. 1).  The upper 
end of the tube was provided with a long rubber tube closed by means of a pinch- 
cock and inserted  through the second opening of the rubber stopper of the flask. 
The tube was filled with a saturated solution of corrosive sublimate or with chloro- 
form of the same temperature as the suspension in the flask.  The 
volume of each was exactly 5½ cc.  The poisons were introduced  ]-~ 
into the liquid by blowing into the rubber tube after opening the 
pinch-cock.  A special experiment showed that such blowing did 
not alter the temperature in the flask. 
The action of sublimate on protoplasm has peculiarities 
which must be  considered  in the  determination of the 
thermic effect of death.  Sublimate alters living matter 
chemically producing salt like compounds with proteins. 
It  is  very probable  that  the  formation  of  such  corn-  ~r 
pounds is accompanied by the production of heat, and  @ 
this  heat must  be  subtracted  from the  heat produced  FIG. 1 
by  the  action  of  corrosive  sublimate  on  yeast.  The 
heat of the formation of Compounds between sublimate and the pro- 
teins of yeast could be determined on the following basis. 
Mercury bichloride acts on proteins of all kinds in the same manner. 
Hydrogen of the carboxyl groups of proteins is replaced by mercury, 
so that a  salt-like compound arises in all cases.  On the other hand, 
as is known, the  formation heats  of salts of different organic acids 
which  possess  an  analogous  structure  (with  the  same  metal)  are 
approximately equal.  3  The formation heats of salt-like compounds of 
mercury with different proteins  are  therefore alike.  Thus  in  order 
to  determine  the  heat produced  in  the  reaction  between  sublimate 
and the proteins of yeast we can limit ourselves to a  determination of 
8 Berthelot,  M.,  Ann.  claire, et  pt~ys.,  1875,  vi,  series  5,  326.  Massol,  G. 
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heat of the reaction  between  sublimate  and  any common protein,  as 
for instance,  albumin.  Both  heats  must  be  approximately  equal. 
The Thermic Effect Produced  in the Reaction  between Corrosive Subli- 
mate and Albumin of Eggs. 
40 gm. albumin of eggs (Merck) were dissolved in 400 gin. distilled water, and 
the solution (volume 425 cc.)  was poured into the Dewar flask.  Then the glass 
tube (Fig. 1) filled with a saturated solution of sublimate was introduced into the 
flask, and the latter was closed with the rubber stopper.  In 1 hour the tempera- 
ture in the flask was 1.723.  After an energic  stirring  the  temperature increased 
to 1.750; after the second stirring it was 1.762 and after the third stirring it was 
1.767;  further  stirring  did  not  alter  this  temperature.  Immediately  the  sub- 
limate  solution  was blown out of the  tube  into  the  albumin  solution,  and  the 
mixture was stirred.  The temperature increased at once to 1.796.  The further 
stirring raised the temperature to 1.820, but it at once began to decrease.  There- 
fore we can conclude that  the heat produced in the reaction between sublimate 
and albumin warmed the liquid in the flask 0.053°C.  At the same time it warmed 
the thermometer and the flask  itself. 
The specific heat (heat capacity) of the albumin solution (10 per cent) is about 
0.9; as to 425 cc. of this solution 5.5 cc. solution of mercury  chloride was added 
and as the specific  heat of diluted solutions of mercury chloride is almost equal 
to that of water the heat which is necessary to warm the liquid in the flask 0.053°C. 
is 430  X  0.9  ×  0.053  =  20.5  gm. calories.  The Beckmann thermometer con- 
tained about 40 gm. mercury, and it therefore absorbed  about 40  ×  0.03  ×  0.053 
0.06 gm. calories.  Concerning the heat  absorbed by the flask my experiments 
showed,  in  accordance with  Rubner  2  (page  372),  that  it  is  about  15  ×  0.053 
-~ 0.79 gin. calories.  The total heat  produced in the  reaction was about 21 gin. 
calories or per gram dry albumin 21  +  40  --  0.52  gm. calories. 
We shall  now describe  the results of the determination  of the heat 
produced  by the  death  of yeast. 
The Thermic Effect of Death Produced by Corrosive Sublimate. 
82.44  gin.  yeast  (washed  and  freed  from  water  by pressure)  were 
mixed  with  400  gm.  distilled  water.  The  mixture  was  stirred  until 
all  yeast  cells  were  separated  from each other.  Then  it  was poured 
into  the  Dewar  flask.  The  yeast  contained  64 per  cent  water  and, 
therefore  the  dry substance  of the  yeast  used  was  29.68  gm.  After 
stirring  the  liquid  several  times  the  final  temperature  was  4.014  ° , 
that  is 22.6°C.  Soon after  the glass tube  (Fig.  1)  filled  with a  satu- w.  w.  LEPESCEKn~  349 
xated solution of sublimate of the same temperature was introduced 
into the flask and the flask was closed by the rubber stopper. 
In  1 hour the liquid in the flask was stirred again several times, 
and the final temperature was 4.017.  Immediately the solution of 
mercury chloride is blown out from the glass tube into the suspension 
,of yeast, and the liquid again stirred.  The temperature of the liquid 
increased at once to 4.090,  the maximal temperature. 
The microscopical investigation of the yeast taken from the flask 
showed that only 50 per cent of the cells were killed by sublimate 
(test by methylene blue).  The size of the Dewar flask did not per- 
mit, however, the use of a greater quantity of mercury chloride.  The 
tube used contained only 5.5 cc. of solution. 
From the cited results we can conclude that the heat produced by 
the action of sublimate on yeast warmed the liquid in the flask, the 
thermometer  and  the  flask  itself  0.073°C.  According to Rubner  * 
(page  372)  the specific heat of yeast is 0.785.  Therefore the heat 
produced by the action of corrosive sublimate on the yeast is:  0.073 
(405  +  82.4  X  0.785  +  40  X  0.03  +  15)  =  35.4 gin. calories or per 
gram of dry yeast 35.4 -  29.68  =  1.19 gin. calories.  Subtracting from 
this value the heat produced in the reaction between mercury chloride 
and  protein  substances  of  the  yeast  (dry  yeast  contains  about 
50  per  cent protein  substances*  and  only  50  per  cent of  the  cells 
were killed) that is 0.52  X  0.5  X  0.5  =  0.13  gin. calories we reach 
the  conclusion  that  there  was  an  additional  effect  amounting  to 
1.19  -  0.13  =  1.07 gin. calories per gram of dry yeast, or about 2 gin. 
calories per gram of the dry substance of killed yeast (.50 per cent of 
the cells only were killed). 
The Thermic Effect of Death Produced by Chloroform. 
As is known chloroform does not form chemical compounds with 
protein  substances, but it is  taken  up by protoplasm  and  strongly 
accelerates the denaturation of protein substances.  Such denatura- 
tion may bring about death. 
80 gin. yeast which contained 24.8 dry substance were mixed with 
400  gin.  distilled water,  and the mixture was  stirred until  all  ceils 
• K6nig, J., Chemic der menschlichen Nahrungs- und  Genussmittel, Berlin, 
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were separated from each other.  Then the mixture was poured into 
the Dewar flask.  The  temperature in  the flask  was,  after  stirring 
several times, 0.825 °  (Beckraann).  The glass tube (Fig.  1)  contain- 
ing  5  gin.  chloroform was  then introduced into  the flask,  but  the 
chloroform was not blown out of the tube. 
In  1 hour the liquid in  the flask was stirred again several times, 
and the final temperature was 0.875 ° .  Immediately chloroform was 
blown  out  from  the  glass  tube  into  the  suspension  of yeast,  and 
the mixture again stirred.  The temperature rose at once to  0.910, 
and this temperature was not altered by the further stirring of the 
mixture.  The temperature rise is therefore 0.035°C. 
We can therefore conclude that the death of yeast was accompanied 
by the production of heat of 0.035  (400  +  5.5  ×  0.23  +  80  ×  0.785 
+  1.2 +  15)  =  16.7 gin. calories, or per gram of killed yeast 16.7 +  24.8 
=  0.67 gin. calories.  As the microscopical investigation showed that 
only 50 per cent of the yeast cells were killed this heat per gram of 
killed yeast is about 1.5 gin.  calories.  The obtained value is some- 
what smaller than that obtained in the former experiment, but the 
difference does not exceed the experimental error. 
The  Action  of Corrosive  Sublimate  and  Chloroform  on  Dead  Yeast. 
Up till now we considered the therrnic effect produced by the action 
of mercury bichloride and chloroform on living yeast as a consequence 
of death, that is, of the decomposition of the principal chemical com- 
pounds composing living matter.  In the case of bichloride this effect 
is,  at  the  same  time,  a  consequence of  the  reaction  between  bi- 
chloride and proteins of yeast; but the latter thermic effect proved to 
be small in comparison with the effect produced by death. 
One could suppose however that the thermic effect which we ascribe 
to death could perhaps be produced by other unknown processes in 
which both poisons possibly play a  part,  as for instance,  by an ad- 
sorption of them by the substances of yeast and so on.  I should like 
therefore to show here that the thermic effect observed is produced 
by death itself.  Indeed, if the same manipulations are repeated on 
dead yeast we either observe no thermic effect or this effect corresponds 
only  to  the  reaction  between mercury bichloride  and  proteins  of 
yeast. W.  W.  LEPESCHICI~  351 
80 gin. yeast (washed and freed from water by pressure) were mixed 
with 400 gm. distilled water.  The mixture was stirred until all yeast 
cells were separated from each  other.  Then it was heated to 80°C. 
so  that  all yeast cells were killed.  After  the  suspension  took  the 
temperature of the experimental room it was poured into the Dewar 
flask.  The yeast contained 25.5  gin. dry substance. 
After stirring the liquid  several times the final  temperature was 
2.395 °  (Beckmann).  Soon after the glass tube (Fig.  1)  filled with a 
saturated  solution  of  corrosive  sublimate  of  the  same  temperature 
was introduced into the flask and the flask was closed by the rubber 
stopper. 
In 1 hour the liquid in the flask was stirred again several times, and 
the final temperature was 2.417 ° .  Immediately the solution of sub- 
limate (5.5  cc.) was blown out of the glass tube into the suspension 
of dead yeast, and the liquid again stirred.  The temperature of the 
liquid increased at once to 2.423 ° .  The further stirring did not alter 
this temperature. 
From the cited results we can conclude that the heat produced by 
the action of sublimate on dead yeast warmed the liquid in the flask, 
the thermometer, and the flask itself 0.006°C.  Therefore the heat 
produced was  0.006  (400  +  82.4  ×  0.785  +  20  ×  0.3  +  15)  =  3 
gm. calories or per gram of dry yeast 3  +  25.5  =  0.12  gm. calories. 
This heat  corresponds to the heat produced in the reaction between 
albumin and mercury bichloride (0.13 gin. calories). 
No  effect of chloroform on  dead yeast could be  observed.  The 
experiment was  made  in  the  same  manner  as  that  with  mercury 
bichloride.  The final temperature in the Dewar flask containing a 
tube filled with 5.5 cc. chloroform was 2.479 °.  After mixing chloro- 
form with the suspension of yeast and  stirring several times it did 
not change at all. 
The Thermlc Effect of Death as Compared with Heat Produced in Other 
Chemical Reactions. 
The  thermic  effect of  death  observed  in  my experiments is,  of 
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chemical exothermic reactions.  The  heat produced by the decom- 
position of HI to H  and I  is accompanied, for instance, by the pro- 
duction of 46 gin. calories per gram, and the decomposition of N~Ig, 
gives 290  gin. calories per gram. 
If we consider however the molecular weight of the principal com- 
pounds of living matter as very great, we come to the conclusion that 
the heat produced by the decomposition of 1 molecule of these com- 
pounds is of  the  value  which could  be  compared only with  values 
observed on  explosives.  Indeed the  principal compounds of  living 
matter contain proteins as a component part, but the molecular weight 
of the latter is very great, as  for instance,  the molecular weight of 
hemoglobin (determined in the chemical analysis according to the con- 
tent of iron) is 16,669.  The molecular weight of the principal chemical 
compounds of living matter is certainly still greater.  Thus if the molec- 
ular weight of these compounds had been even like that of hemoglobin 
the heat produced by the decomposition of 1 gin. molecule of these 
compounds would at least be 3  ×  16,669,* that is greater than 40 kilo 
calories, while the heat produced by the destruction of 1 gin. molecule 
of HI is only 6 kilo calories, that of NCIa is 38 kilo calories, and so on. 
Therefore, on the average, the heat produced by the decomposition 
of  1  gin.  molecule of  the  principal  compounds of  living  matter  is 
more  than  that  of  such an  unstable  and  explosive body  as  NC13. 
Thus  it  is  very comprehensible that  the molecule of  the  principal 
chemical compounds composing living matter can be destroyed not 
only by chemical and physical but also by purely mechanical agents. 
This molecule is so unstable as to be compared with the molecules of 
explosive substances. 
SUMMARY. 
The thermic effect of death as observed on yeast is about  2  gin. 
calories per  gram  of dry substance  and  is  therefore very  small  as 
* The thermic effect of death is, on the average, 1.7 gm. calories per 1 gram 
of dry yeast.  If we suppose that even all protein substances (50 per cent) and 
lipoids  (5  per cent)  form the principal compounds (aside from water)  of its 
living matter we must conclude that the thermic effect of death is 1.7:0.55  = 
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compared with  the  heat  produced  in most of the exotherm  chemical 
reactions.  As the chemical compounds composing living matter have 
a  very great molecular weight,  the  decomposition of their  molecule 
which brings about death produces more heat than the decomposition 
of  the  molecule  of  some  explosive  substances.  This  explains  the 
great instability of the principal compounds of living matter. 
Addendum,--Mter the correction of the proof my attention was drawn to two 
papers concerning the problem discussed above.  In one of these papers Peters 
describes his experiment in which muscles were poisoned with chloroform?  The 
heat produced hereby (calculated per gram of dry substance)  is approximately 
equal to the heat observed in my experiments on yeast.  Muscles  can be con- 
sidered as consisting of living matter, and therefore Peters' results are in complete 
accord with my results.  In the other paper Meyerhof tried  to determine the 
heat produced by the action of acroleine  on erythrocytes;  6 the poisoning was ex- 
tended  until  the  respiration  irreversibly ceased.  Meyerhof admitted  that  he 
observed the  death  of  erythrocytes,  though,  according  to  his  description,  no 
hemolysis was observed; indeed Meyerhof writes:  "Wird dasselbe  in geniigend 
hoher Konzentration zu lebenden ZeUen zugesetzt, so tritt eine totale Atmungs- 
hemmung ein,  die bei einem wenige  Minuten spiiter stattfindenden Wegwaschen 
des Giftes nicht  mehr zuriickgeht."  A washing out of poison can certainly only 
be performed if no hemolysis occurs.  It is possible that the heat produced by the 
death of erythrocytes is smaller than 1.4  gm.  calories,  as  Meyerhof admits  (1.4 
calories is the limit of the exactness of his experiments), but  it is more probable 
that  the  erythrocytes were not  dead  in  Meyerhof's  experiments,  because  the 
death  of  erythrocytes brought  about  by  acroleine  must  be  accompanied by 
hemolysis. 
5 Peters, R. A., J. Physiol., 1913-14, xlvii, 262. 
6 Meyerhof, 0., Arch. ges. Physiol., 1912, cxlvi, 181. 